In the existing literature on innovation, financial services firms are attributed with a dependence on external knowledge inputs. Meanwhile, relative importance of sources of knowledge for innovation, modes of knowledge inflow, cooperation partners, advantages and disadvantages of cooperation for innovation remain underexplored. This study has unveiled that the most important internal sources of knowledge for innovation in financial services are frontline employees, new service development teams, bank executives, and backstage staff. Highly valuable modes of knowledge inflow for innovation are human resource development, purchase of equipment, and informal personal interactions. Financial services firms benefit from cooperation for innovation with external partners in the following aspects: increase in customer satisfaction, developed new skills of employees, new technologies, access to knowledge and expertise, decreased costs, and finding a new approach to solve a problem. Costs associated with external cooperation for innovation remain the most influential disadvantage of this mode of inbound open innovation.
Introduction
In the existing literature on innovation, financial services firms have been traditionally attributed with a dependence on external technologies and other types of knowledge (e.g., Barras, 1986; 1990) . Data from Community Innovation Survey (CIS, 2008) demonstrate that financial institutions resort to various sources of information to develop new or improve existing services: members of firm's group, professional and industry associations, suppliers, clients, competitors, and etc. However, not all sources and modes of knowledge inflow available to an innovating firm have been addressed in existing studies. Relative importance of the flows of incoming knowledge for innovation in financial services remains underexplored. Furthermore, existing studies do not give a comprehensive explanation of why most financial services firms remain "ivory towers" in their innovation activity while others resort to cooperation with external partners. In this study, we have attempted to address these research issues from the perspective of open innovation. The chosen research avenue is one of the frontiers in the open innovation research domain (Dahlander and Gann, 2010; Huizingh, 2011) and represents a promising topic within the stream of studies on financial innovation (Mention and Torkkeli, 2012) .
We have approached the identified research issues from the premises of inbound open innovation that refers to an internal use of knowledge available outside organisational boundaries (Chesbrough, et al., 2006; Gassmann and Enkel, 2004) . References to the role of different sources of knowledge for innovation in financial services can be found in the stream of literature on new service development: sequence of stages (e.g., Vermeulen, 2004; Thomke, 2003) , internal sources (e.g., de Brentani and Cooper, 1992; Rossignoli and Arnaboldi, 2009; Thomke, 2003) , external sources (e.g., Avlonitis, et al., 2001; Menor and Roth, 2008; Vermeulen, 2004) , modes of knowledge inflow (Cooper, et al., 1994; Costanzo and Ashton 2006; de Brentani and Cooper, 1992) , and advantages and disadvantages of the inbound open innovation (e.g., Dahlander and Gann, 2010; Huizingh, 2011) . Meanwhile, specific aspects of inbound open innovation in financial services require further research attention. These areas have been identified and further formulated as respective research questions addressed in this study: What are the most important partners and internal / external sources of knowledge for innovation in financial services? What are the most important modes of knowledge inflow for innovation in financial services? What are the most impactful advantages and disadvantages of cooperation for innovation in financial services? This paper includes the following sections: literature review, research context and methods, findings and discussion, and conclusions containing managerial implications, limitations and avenues for future research.
Literature review
In this section, we review literature on innovation in financial services, introduce the concept of open innovation, discuss inbound innovation in financial services, and provide an overview of advantages and disadvantages of inbound open innovation.
Innovation in financial services
Over the last few decades, several aspects of innovation in financial services were addressed in academic literature: definition and attributes of financial innovation (Frame and White, 2004; Lerner and Tufano, 2011; Merton, 1992) ; its external and internal factors (de Young, et al., 2007; Furst, et al., 2002; Lerner, 2006; Silber,1975; Yildirim and Philippatos, 2007) ; effects of innovation (Den Haan and Sterk, 2010; Lerner and Tufano, 2011) , and financial innovation process (Anderloni and Bongini, 2009; Carvalho Veira, 2004; Lievens and Moenaert, 2000) . The latter aspect was mainly addressed in the stream of publications on new service development (e.g., Cooper and de Brentani, 1991; Cooper, et al., 1994; Edgett and Jones, 1991) .
Recently, scholars introduced a conceptual delineation between open and closed approaches to the innovation process. This contention is developed and empirically supported in the domain of studies on open innovation (Chesbrough, 2003; that after its emergence remains one of the most cited by both scholars and practitioners. Chesbrough, et al. (2006) define open innovation as "the use of purposive inflows and outflows of knowledge to accelerate internal innovation, and to expand the markets for external use of innovation, respectively" (p. 1). Hence, the following two approaches can be derived from this definition: the first one is the internal use of knowledge available outside organisational boundaries (inbound open innovation), while the second one stands for external exploitation of knowledge developed internally (outbound open innovation). Simultaneous usage of both approaches is referred to the coupled innovation process (Gassmann and Enkel, 2004) .
Inbound innovation in financial services
Nevertheless, our understanding of relative importance of internal sources of inputs for innovation in financial services remains limited. Besides, the role of other internal sources in innovation process such as shareholders was not addressed in the existing studies. In order to respond to this issue, the first research question (RQ) of this study is formulated in the following way:
RQ 1: What is a degree of importance of each internal source of knowledge for innovation in financial services?
External sources of knowledge for innovation in financial services
Existing data sources (e.g., CIS 2008) refer to the following external sources of knowledge for innovation: suppliers, clients, competitors, consultants, universities/ higher educational establishments, research centres, and professional and industry associations. Several conceptual and empirical papers pointed out the importance of these sources for the success of new financial offerings; however, the role of some of them remains rather controversial.
Scholars posit that clients can provide relevant ideas and suggestions to innovating financial services firms (Drew, 1995; Menor and Roth, 2008; Oliveira and von Hippel, 2011) . Meanwhile, other researchers argue that customers may have difficulties in perception of their actual needs (Avlonitis, et al., 2001) . This can be due to complexity associated with major financial products and, as a consequence, weak customers' interest in them (Vermeulen, 2004) . Findings of another empirical study show that clients of financial services firms can be a good source of valuable and original ideas. Such clients usually demand complex services, interact in high volumes, have longstanding relationships, ask for tailored services, and have a strong motivation to find solutions to their problems (Martovoy and Dos Santos, 2012) .
One of the most traditional concepts in the domain of innovation in services is based upon an assumption that innovation in financial services is supplier-driven (Barras, 1986; 1990) . Financial institutions are seen as adopters of information and communication technologies (ICT) developed in other sectors. Several studies highlighted the role of technology and equipment suppliers in innovation in financial services (Pennings and Harianto, 1992; Uchupalanan, 2000) .
Scholars contend that financial services firms benefit also from competitors by cooperating or communicating with them to deliver enhanced value to clients. For example, in addition to proprietary services, banks may opt to distribute products developed by other financial services firms including competitors (Fasnacht, 2009; Lerner, 2006) . Besides, it seems that inter-firm communication during
Open innovation in financial services has been conceptually and empirically tackled in several publications (e.g., Fasnacht, 2009; Mention and Torkkeli, 2012; Oliveira and von Hippel, 2011) . Importance of external knowledge inflow for financial innovation can be traced in earlier studies on new service development (NSD) (Edgett and Jones, 1991; Cooper and Edgett, 1996; Vermeulen, 2004) and organisational behaviour (e.g., Thwaites, 1992; Thwaites and Edgett, 1991) . Existing literature suggests that sources of knowledge for innovation can be internal and external.
Internal sources of knowledge for innovation in financial services
Existing studies suggest that internal sources of knowledge for innovation in financial services are represented by marketing employees, employees responsible for new service development, frontline employees, operational staff, and executives. Entities belonging to a bank's group can be considered another semi-internal source of inputs for innovation.
With a few exceptions (Thomke, 2003) , scholars point out that financial services firms tend have research and development projects (Rossignoli and Arnaboldi, 2009 ) rather than formal R&D departments (Anderloni and Bongini, 2009 ). In the case when a bank sets up a dedicated R&D team, it usually operates on an ad hoc basis (Vermeulen, 2004) .
Earlier empirical studies show that involvement of marketing employees to an innovation process is important for a success of new financial services (e.g., de Brentani and Cooper, 1992; Scheuing and Johnson, 1989) . Several publications pointed out that frontline personnel (often referred to "information gatekeepers" or "organisational liaisons") and operations staff are valuable internal sources for financial innovation (Lievens and Moenaert, 2000; Scheuing and Johnson, 1989) . By considering suggestions originating from employees, financial services firms can shorten internal innovation process (Drew, 1995) . Involvement of staff from different departments and setting up intra-project communication may have a positive impact on a success of new financial offering (Lievens and Moenaert, 2000; Vermeulen, 2004) . Meanwhile, it seems that in many instances ideas for innovation originate from marketing and product development departments with a limited participation of back office employees. Besides, it appears that insufficient support from senior managers is a barrier to a smooth innovation process (Drew, 1995) . Other entities that belong to a bank's group can be considered an additional internal source of knowledge for innovation (CIS, 2008) . with a financial innovation success (Johne and Davies, 2000) . However, other studies unveil that financial services firms tend to avoid an analysis of clients' needs. Besides, most banks are inclined towards introduction of innovations without preceding tests on a market (de Brentani and Cooper, 1992; Vermeulen, 2004) . Costanzo and Ashton (2006) argue that financial institutions are mainly driven by the aim of imitating competitors rather than listening to clients' needs.
In overall, the role of various modes of knowledge inflow for innovation in financial services remains mixed. In order to respond to this issue, the following research question is formulated:
RQ4: What is a degree of importance of each mode of knowledge inflow for innovation in financial services?
Advantages and disadvantages of inbound open innovation
As any other innovation management approach, a decision about opening up an NSD process has its respective costs and benefits which can be pecuniary and non-pecuniary, immediate or long-term, tactical or strategic (Dahlander and Gann, 2010; Huizingh, 2011) . Recently, scholars reviewed a variety of pros and cons of inbound and outbound open innovation approaches (Dahlander and Gann, 2010) .
Advantages of inbound open innovation
Benefits of open innovation have been largely explored in the existing literature. Earlier studies suggest that cooperation with external partners leads to development of new financial services (e.g., Fasnacht, 2009; Oliveira and von Hippel, 2011) . Financial services firms benefit from the following outcomes of cooperation with IT suppliers (Martovoy, 2014) : cost reduction, leveraging complementarities by accessing unique resources; access to partners' networks; shorter time-tomarket; and stronger credibility and trust.
Meanwhile, our understanding of the variety of advantages of inbound open innovation, usually taking a form of interfirm cooperation, remains limited. Furthermore, little is known about an impact of advantages on innovating financial institutions. To the best of our knowledge, this study is among the first ones tackling this research issue. Hence, the fifth research question is formulated as follows:
RQ5: What are the most impactful advantages for financial services firms cooperating for innovation with external partners? new service development (NSD) process helps innovators to gain knowledge about their competitors (Lievens, et al., 1999) . Findings of another research show that pace of financial innovation in a region is associated with an overall propensity to innovation by a given financial firm located in that region (Lerner, 2006) . This leads to the concept of knowledge spillovers addressed in the stream of publications on innovative clusters (Audretsch and Feldman, 2004; Grossman and Helpman, 1991) . The role of other sources of inputs for innovation in financial services has been addressed to a lesser extent. One study concludes that closer links with higher educational establishments have no effect on financial innovation (Lerner, 2006) . In summary, the role of some external sources of knowledge for innovation in financial services remains underexplored. Are there any other sources of knowledge for innovation in financial services and what is a degree of their importance? Hence, the second research question is as follows:
RQ 2: What is a degree of importance of each external source of knowledge for innovation in financial services?
Financial institutions may not only merely source knowledge for innovation but also cooperate with external partners formally to develop new and/or improve existing services. Such entities can be similar to the ones discussed above. Aiming at exploring the role of specific cooperation partners in financial innovation, the third research question of this study is the following: RQ3: What is a degree of importance of each external cooperation partner for innovation in financial services?
Modes of inbound open innovation in financial services
In addition to directions of knowledge flows (inward or outward) and their respective sources, a mode of knowledge flow can be a useful concept to explore the nature of inbound open innovation in financial services.
Modes of knowledge flow are means through which knowledge is transferred. Existing literature suggests that some of them are important for innovation in financial services. As compared to other means, the role of market research is one of the most studied. Available findings suggest that a market research conducted at early stages of new service development process is crucial to a success of new financial offering (e.g., Carvalho Viera, et al. 2004; Cooper, et al., 1994; Drew, 1995; Edgett, 1994; Edgett and Jones, 1991; Edgett and Parkinson, 1994; Menor and Roth, 2008) . Realistic understanding of market potential and development of relevant steps to approach a market are both correlated 4th rank in the Western European list of financial services centres in terms of business environment, taxation, human capital, reputation, infrastructure and development (Z/Yen Group, 2015) . The financial services sector in Luxembourg is an important pillar of the national economy accounting for 38% of GDP (LFF, 2012) . Populated with different types of financial services firms, the core of the financial services sector of Luxembourg is represented by banks that generate about 19% of GDP (LFF, 2012) . By the start of the survey, there were 142 banks authorised to conduct their business activity in Luxembourg (CSSF, 2012) . Most of those banks (103 entities) were the members of "Association des Banques et Banquiers, Luxembourg" (ABBL), the professional society of banks and bankers in Luxembourg. The remaining nonmember banks were mainly represented by parent credit institutions that established their presence in the country in addition to their group members operating under the respective law of Grand-Duchy of Luxembourg governing the provision of financial services (5 April, 1993).
Thus, we decided to disseminate the tailored questionnaire among the ABBL banks. We approached the ABBL administration and presented the goal of our study and the method of data collection. The ABBL agreed to assist us and disseminated the questionnaire among all their members by email on 31st July, 2012. Several consecutive waves of reminders took place in the period of August -November, 2012. In a result, we succeeded to solicit 25 replies that accounts for 24.3% of the parent population. Due to the sample size, we decided to proceed with a descriptive statistical analysis.
Findings and discussion
Analysis of data has suggested that frontline employees, dedicated NSD teams, bank executives, and backstage staff remain the most important internal sources of knowledge for innovation in banking sector (Table 1 ). The role of frontline employees and dedicated NSD teams for innovation was highlighted in existing studies (e.g., Drew, 1995; Lievens and Moenaert, 2000; 2001; Scheuing and Johnson, 1989; Vermeulen, 2004) , while importance of chief executives and other supporting staff appears to be novel for the research domain. Meanwhile, appearance of CEOs in this list is, probably, due to the profile of survey respondents who were predominately senior managers. We have not found a strong support for the major role of marketing employees in financial innovation as it was argued in preceding publications (e.g., Scheuing and Johnson, 1989) . Our study has shown that shareholders have the lowest importance for innovation in financial services.
Disadvantages of inbound open innovation
As compared to the benefits of inbound open innovation, the "dark side" of this innovation management approach attracted less attention in existing literature. Nevertheless, in a few preceding studies, scholars review a variety of negative consequences and barriers associated with the inbound open innovation (Dahlander and Gann, 2010) . In the context of financial services, Martovoy (2014) reveals that cooperation for innovation is attributed with two issues: time costs associated with cooperation and bureaucracy / conflicting rules.
To summarise, disadvantages of inbound open innovation in financial services and a degree of their impact remain among the least explored topics. To the best of our knowledge, there is no dedicated study that addressed this topic quantitatively in the extant literature. Therefore, the sixth research question of our study is the following: RQ6: What are the most impactful disadvantages for financial services firms cooperating for innovation with external partners?
Research context and methods
The formulated research questions were addressed with the help of a dedicated survey of financial services firms. We reviewed existing approaches to data collection in the domain of innovation. This effort resulted in the development of a tailored questionnaire containing a set of multiple choice questions about several dimensions of innovation activity including internal and external sources of knowledge for innovation, cooperation partners for innovation, modes of knowledge inflow, advantages and disadvantages of cooperation with external partners. The questions were formulated in English. A pilot version of the questionnaire was tested with three financial services firms. With a help of face-to-face interviews, we collected the initial feedback on a usability of the developed data collection tool. Each interview lasted about 40 munities with some extra time allowing a respondent to share his/her thoughts about the questionnaire. Taking into account the goal of our study, we scoped a profile of potential respondents to the following positions in financial services firms: chief executive officers, chief financial officers, innovation managers, and executives responsible for business development, new product development, marketing and quality.
We opted to collect the data in the Grand Duchy of Luxembourg. According to a recent report (Z/Yen Group, 2015) , this country is among the most developed poles which specialise in the provision of financial services. In 2015, Luxembourg occupied 17th rank in the World and Note: * The degree of importance has been measured on a scale: 0 -not used, 1 -low importance, 2 -medium importance, 3 -high importance. Variability of responses, as measured by a standard deviation, is another aspect to take into account. In this regard, opinions of respondents on the role of frontline employees tend to converge, while the perception of importance of NSD teams and marketing/business intelligence employees appears to be rather heterogeneous. Our dataset has shown that banks which serve such types of clients as high-networth individuals (HNWI), small and medium sized firms, institutions, and large firms value their NSD teams more as compared to those banks working with retail clients. Similar trend has been identified for marketing / business intelligence employees.
Relative importance of internal sources of knowledge as compared to external ones is depicted in Table 2 . Innovating banks and other members belonging to a bank group are the most important sources of inputs for innovation in financial services. Consultants, clients, suppliers, professional associations, and competitors represent another group of entities valuable for financial innovation. Non-government organisations and commercial research laboratories appear to be the least important sources knowledge for innovation in financial services. Similar to existing studies, we have found a support for the argument that clients (Drew, 1995; Menor and Roth, 2008) and suppliers (Barras, 1986 (Barras, , 1990 Pennings and Harianto, 1992) are valuable for financial innovation. It has been also confirmed that universities and higher educational establishments play a marginal role in knowledge sourcing strategies of banks (Lerner, 2006) . In overall, it appears that the most important deposits of knowledge for innovation in banking services reside within the narrow (bank itself) and wide (a bank group) boundaries of surveyed entities. Nevertheless, we cannot conclude that banks remain "ivory towers" in terms of openness to inputs for innovation because resorting to several external sources of knowledge is also evident. The highest degree of variability of answers is observed for professional and industry associations (Table 2 ). This is, probably, due to the dissemination of questionnaire that was administered through a national association of banks; hence, the respective figure should be taken with a caution. Maximum homogeneity of respondents' opinions has been obtained for internal sources (within a bank) and consultants.
Note: * The degree of importance has been measured on a scale: 0 -not used, 1 -low importance, 2 -medium importance, 3 -high importance. Taking a closer look at collaboration for innovation, we can report that entities belonging to a bank group remain the most important cooperation partners for innovation in financial services (Table 3) . To some extent, these research outcomes are similar to the findings on the sources of knowledge for financial innovation (Table 2) . Members of bank's group are followed by consultants, suppliers, and clients whose importance appears to be moderate. These findings are in line with earlier studies that explored innovation-related cooperation of financial services firms with consultants (Drew, 1995) , clients (Cooper and Edgett, 1996; Oliveira and von Hippel, 2011) , and suppliers (Pennings and Harianto, 1992; Uchupalanan, 2000) . Similar to Table 2 , higher educational establishments, research institutions (public and private), and international organisations are the least important partners for innovation.
Note: * The degree of importance has been measured on a scale: 0 -not used, 1 -low importance, 2 -medium importance, 3 -high importance. In terms of intellectual property management, surveyed banks adopt several modalities in cooperation with external partners: contracts (e.g., non-disclosure agreements, partnership agreement, and etc.) (48.6%); secrecy (28.6%); intellectual property law (e.g., copyrights law, trademarks law, patent law, industrial design law, and etc.) (11.4%); and none (i.e. reliance on trust) (11.4%).
As it was discussed earlier, banks use various modes in order to enable external knowledge flows for innovation. Our findings suggest that surveyed financial services value the following three modes of knowledge inflow: hiring new personnel, purchase of equipment, and informal personal interactions (Table 4) . This means that the most important knowledge for innovation in banking services is embodied in people and technological artefacts (Barras, 1986 (Barras, , 1990 Pennings and Harianto, 1992) . Such modes as investments in existing firms, establishment of joint ventures, mergers, and acquisition of external knowledge are among the least important for innovation. The highest degree of variability of opinions has been observed for the first three modes listed above, while the exchange of copyrights, patents, trademarks, industrial designs, and trade secrets tends to be more homogeneous in terms of standard deviation.
Note: * The degree of importance has been measured on a scale: 0 -not used, 1 -low importance, 2 -medium importance, 3 -high importance. Admitting a fact that cooperation with external partners may result in various outcomes, the following part of our paper is devoted to exploring respective advantages and disadvantages of this mode of inbound open innovation. Table 5 illustrates that cooperation with external partners (including members of bank's group) is beneficial to innovating banks because of the following: increased customer satisfaction; developed skills of employees; access to ideas, knowledge and expertise; new technologies; decreased costs; and finding new approach to solve a problem. This entails that banks gain from both pecuniary and non-pecuniary benefits of cooperation for innovation (Dahlander and Gann, 2010) .
Note: * The degree of importance has been measured on a scale: 0 -not relevant, 1 -low impact, 2 -medium impact, 3 -high impact. Surveyed respondents reported only one disadvantage that, in their opinion, had a significant impact on their firmscosts related to cooperation (Table 6 ). This finding echoes the insights of transaction costs theory (Coase, 1937) and falls into the pecuniary group of disadvantages of open innovation (Dahlander and Gann, 2010) .
Note: * The degree of importance has been measured on a scale: 0 -not relevant, 1 -low impact, 2 -medium impact, 3 -high impact. 
Conclusions
This study represents an attempt to explore a variety of internal and external knowledge sources, modes of knowledge inflow, cooperation partners, and advantages and disadvantages of cooperation for innovation in financial services. Drawing upon a dedicated survey of banks located in Luxembourg, we have unveiled the following.
Frontline employees, dedicated NSD teams, bank executives, and backstage staff are the most important internal sources of knowledge for innovation.
The most important deposits of knowledge for innovation reside within the narrow (bank itself) and wide (bank's group) boundaries of surveyed firms. Consultants, clients, suppliers, professional associations, and competitors possess medium importance as respective sources of knowledge for innovation.
About half of innovations in financial services were developed jointly with partners where bank's group members prevail (27.6%) over other external partners (20.7%). Entities belonging to a bank's group appear to be the most important cooperation partners for innovation.
During cooperation, financial services firms use the following arrangements for intellectual property protection: dedicated agreements (48.6%); secrecy (28.6%); intellectual property law (11.4%). Meanwhile, about 11% of respondents use none of them and therefore rely on trust.
The most important modes of knowledge inflow for innovation in financial services are as follows: hiring new personnel / personnel exchange and professional development, purchase of equipment, and informal personal interactions.
Our sample has shown that the most impactful advantages of inbound open innovation are new skills of employees; access to ideas, knowledge and expertise; new technologies; decreased costs; and finding a new approach to solve a problem. The most influential disadvantage of inbound open innovation in financial services refers to costs associated with cooperation.
Managerial implications
We believe that the findings of this study might be helpful, first of all, for practitioners working in the financial services sector. The outcomes of this study can provide them with an overview of current innovation strategies. Almost all respondents that participated to this survey expressed their interest in having an access to its aggregated findings. This sign reinforced our belief that we were carrying out a research results of which were awaited by the target audience.
Our findings have shown that financial services firms tend to rely on and emphasise internal and semi-internal (banks' group members) sources of knowledge. In this context, almost all types of employees are highly important for financial innovation. Meanwhile, opposite to other sectors of economic activity, the role of external sources of knowledge remains moderate. This can be explained by several reasons yet to be further explored: complexity of new financial offerings, government regulation of financial services, conservatism with regard to financial innovation, organisational culture, and etc. What concerns innovationrelated cooperation with external partners, apart from high costs associated with this mode of inbound open innovation, surveyed financial services firms reported the following issues: difficulties in balancing co-operation for innovation with daily tasks; problems in communication with partners; problems with division of contributions and outcomes of co-operation; partners not meeting expectations and deadlines; maintaining internal commitment towards cooperation; development of dependency on external partners; and secrecy concerns. Therefore, banks that succeed in development of dedicated and cost effective means aimed at overcoming these issues might have an opportunity to minimise negative impacts associated with collaboration. Meanwhile, our study has shown that cooperation with external partners is associated with positive outcomes as well where benefits are both pecuniary and non-pecuniary. Each bank should take into account all potential costs and benefits of this mode of inbound open innovation, and we hope that our study may have a chance to provide them with respective insights on this challenge.
Limitations and future research
Due to a small sample size, we were restricted in proceeding with advanced statistical tests; therefore, the results of this study are mainly descriptive. A larger sample is needed in order to explore eventual relationships between innovation strategies employed by financial services firms and respective performance indicators.
Since data for this study were collected in Luxembourg, its findings and implications can be biased due to national context and peculiarities of banking sector in this country where, for instance, a share of high-net-worth clients tends to be considerable. It means that further studies conducted in other national and market-specific contexts are more than appreciated.
